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Specifications 

1 . Title of the Invention: Gas Processor And Gas Replacement Of Gas Laser Oscillator 

2 . Scope of the Patent's Claims 



A gas processor of a laser oscillator, characterized by the fact that it is provided with a 
compressor removing deteriorated gas from a discharge device when oscillations have been 
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stopped, wherein a gas processor of a gas laser oscillator is operated by switching on alternately 
a plurality of discharge devices, 

as well as with a gas container which stores deteriorated gas removed by said 
compressor, 

a gas regenerator which regenerates deteriorated gas contained in said gas container, 
a gas adding device, 

a second compressor which returns said regenerated gas to a discharge device while the 
discharge device is paused; 

and with a gas processor controller which serves to exercise control over the above 
described components. 

2. A gas replacement method of a laser oscillator, characterized by the fact that it comprises 
a step in which the gas is transferred to a container in a paused discharge device, with a gas 
replacement method for a gas laser oscillator wherein a plurality of discharge devices is switched 
on sequentially, 

a step in which gas is regenerated in said container, 

and a step in which the gas in said container is transferred into a discharge device; 
wherein each discharge device is operated sequentially and repeatedly. 

3. Detailed Explanation of the Invention 

(Sphere of Industrial Use) 

This invention relates to a method for gas replacement and to a gas processor of a gas 
laser oscillator providing an optimal replacement of gas in an excimer laser while a constant 
output is maintained. 

(Prior Art Technology) 

In recent years, gas laser oscillators of excimer lasers, etc., have been widely used in 
optical CVD devices, laser lithography devices, etc. 

First, the laser oscillator device will be explained. 

The construction of a gas laser oscillator device, such as the example shown in Figure 5, 
consists of a discharge device 1 deployed in a laser oscillator consisting of a total reflection 
mirror 22 and a semi-transparent mirror 23. In addition, one part of the laser output which is 
transmitted by reflection plate 24, mounted on the optical axis of the laser output, is input to 



output detector 25 so that a constant laser output can be maintained based on the detection 
signal of this detector with a control means 26, which controls power source 27 of discharge 
device 1 and gas processor 9. 

Figure 6 (a) is a diagram explaining the characteristics of laser output per voltage of a gas 
laser oscillator according to prior art. The maximum output of the laser is attained with 
maximum voltage Vmax. when laser oscillations are above the voltage V S h which is the 
oscillation threshold value. The oscillation threshold value V S h of 15 kV is often used with 
devices having a maximum voltage Vmax corresponding to about 30 kV. 

Figure 6 (b) shows an example of changes in time of laser output when oscillations are 
conducted with a fixed value of the voltage by using a KrF excimer laser. Because the gas will 
deteriorate when shot oscillations are conducted with about 2 x 10 6 , the output of the laser will 
be reduced to about a half of the value at the starting point. This time period will correspond to 
approximately 2 hours and 50 minutes when the operations are conducted with 200 Hz, which is 
a short period for use in industrial plants. . 

In order to compensate for this shortcoming of a similar conventional device, a method 
was proposed aimed at lowering of the laser output while at the same time increasing the 
discharge voltage V as shown in Figure 7 (a). Because in this case, the maximum voltage Vmax 
is attained in point (time instant) To, this means that a decreased laser output is unavoidable as 
shown in Figure 7 (b). 

Further, according to another method, halogen gas is injected depending on the 
deterioration threshold in as shown in the point (time instant Tj), creating a low laser output 
value as shown in Figure 8. However, although the laser output will be temporarily restored with 
this method, it is in principle impossible to maintain a constant laser output. Another problems 
with this method is that the it is difficult to increase the gas pressure in the equipment. 

Also, although it is conceivable that the laser gas will be replaced with small amounts of 
new gas, it is in reality difficult to maintain this kind of control while the laser operations are in 
progress. 

The following is an explanation of the conventional process that is used with similar gas 
laser devices. Figure 9 explains one example of a gas processor according to prior art and a 
discharge device disclosed in Japanese Unexamined (Kokai) Patent Application Number 1- 
2668175. In this example, the construction of gas processor 9 consists of a gas refining device 
10, compressor 5, and gas container 2. The life span is extended by this design because the 
amount of the laser medium is increased only by a portion corresponding to gas container 2 
during the progress of the operations of this gas processor. However, the effect of this design is 
limited. It is also possible to replace in a short time period the gas in the discharge device with a 
gas that is stored in a reserve container once the laser operation is stopped. However, the 
problem is that laser output is unavailable when the operation is stopped. That is why these 
examples fail to provide a real solution that would result in a constant output of the laser. 
(Task To Be Resolved By This Invention) 
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The purpose of this invention is to provide a gas replacement method and a gas 
processor that is optimal for a laser oscillator enabling to maintain a constant laser output for a 
long time period in order to resolve the above described problems. 

(Means To Solve Problems) 

This invention relates to: 

(1) A laser device enabling irradiation with laser output when multiple discharge devices are 
arranged in parallel so that any one of said discharge device units can be activated with one 
power source device unit; 

(2) a laser device enabling irradiation with laser output when multiple discharge devices are 
arranged in series on the optical axis of the laser output, so that any one of said discharge devices 
can be activated with one power source device unit; 

with a gas replacement method and a gas processor which is applicable to any of the 
above described elements. 

The gas processor of this invention is characterized by the fact that it is equipped with a 
first compressor which extracts deteriorated gas from a pausing gas processor; 

a gas container which stores the extracted deteriorated gas obtained from said 
compressor; 

a gas regenerator which regenerates the degenerated gas contained in said gas container; 
^ as well as additional gas equipment; 

a second compressor returning said regenerated gas to the discharge device during the 

pause; 

and a gas processor controller which controls the above described devices. 

All of these related devices are connected with pipes and valves connecting the above 
described apparatus to the discharge devices, and to a control network of the gas processor 
controller. 

[page 3] 

In addition, it is also possible to use a halogen gas sensor or a pressure gauge, etc., as 
required. 



Moreover, the gas replacement method of the apparatus of this invention is characterized 

by: 



(a) a step in which gas contained in a discharge device is transferred to a gas container 
during a pause in operations; 
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(b) a step in which this gas is regenerated; 

(c) and a step in which the regenerated gas contained in the container is transferred into a 
discharge device, 

wherein sequential operations are conducted repeatedly in respective discharge devices in 
accordance with the gas replacement method of the gas laser oscillator of this invention. 

(Operation) 

According to this invention, deteriorated gas contained in a discharge device which is in 
the pausing mode of a laser apparatus operating intermittently at least 2 discharge device is 
transferred with a compressor to a gas container, and halogen gas corresponding to a halogenide 
generated by a discharge using a gas regenerator, particles, and similar items are removed. After 
■ that, halogen gas is added to create a laser gas composition according to specifications. After 
that, the operations are returned again to the discharge device with a compressor, and while a 
minimum gas loss is maintained, normal laser output that existed prior to the gas deterioration 
during the operation status before the pause can be restored. In addition, these operations can be 
achieved in a short time period and with a proper order determined by a gas processor controller. 

(Embodiment) 

Figure 1 is a block diagram explaining one embodiment of gas processor 9 according to 
this invention. Explanation of the same symbols pertaining to the same parts as those explained 
in the prior art examples is omitted. 

The construction of gas processor 9 of this example indicated in Figure 1 includes gas 
container 2, compressors 5A and 5B, valves 3A, 3B, 4A, and 4B, gas regenerator 7, gas adding 
device 8, and gas processor controller 1 5. Because the purpose of the gas regenerator 7 is to 
remove halogenides, and in some cases also halogen gas, the regenerator can be also combined 
with an oil trap, mesh or a similar component removing impurities, or with an electrostatic filter 
if this is required. 

Although the construction shown in Figure 1 uses 2 discharge units, discharge unit 1 A 
and discharge unit IB, the design can also use 3 or more discharge units. In this case, the number 
of vacuum pump 6, compressor 5, and valves 3 and 4 will be increased to correspond to the 
number of the discharge devices. 

Figure 2 and Figure 3 explain an example of a laser device incorporating this gas 
processor 9. An embodiment will now be explained based on these figures. 

Embodiment 1 
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The operation of the laser device will be explained first. As shown in Figure 2, one part 
of the laser output obtained from laser oscillators (discharge devices) 1 A and 1 B is reflected by 
reflection plates 34A and 24Band irradiated by output monitors 25A and 25B. The signal is then 
converted to electric signal so that power source device 27 and gas processor 27 can be 
controlled via control means 26 with this electric signal. Because high-voltage opening and 
closing devices 29A and 29B are deployed on the output terminal of power source device 27, 
high voltage is thus intermittently stopped or applied to 2 discharge devices 1 A and IB via 
voltage circuits 20A and 20B. In addition, the laser output obtained from discharge device 1 A 
can be provided for direct irradiation of the irradiated substance, and laser output obtained from 
discharge device IB can be used for irradiation of the irradiated substance with regulation of the 
optical axis achieved with reflection mirrors 21 A and 2 IB. 

An additional explanation of the function of the control means 26 will be provided in this 
case. Because the electric signal of output monitor 25A (or 25B) is compared to a target value of 
the laser output which has been determined in advance, this makes it possible to control the 
voltage input by power source device 27 so that the difference between the target and the real 
value will be zero. In addition, just before the input voltage reaches the vicinity of the maximum 
voltage, voltage circuit 20A (or 20B) is opened with high-voltage opening and closing device 
29A (or 29B) for discharge device 1 A (or IB) in the laser oscillator. At the same time, when the 
path of high- voltage opening and closing device 29B (or 29 A) is closed, voltage is applied to 
new discharge device IB (or 1 A). This makes it possible to conduct continuous oscillations by 
control based on the electric signal of output monitor 25B (or 25 A). 

In addition, control means 26 is used according to this invention on the one hand to 
operate the gas processor, and on the other hand it is also used to replace gas inside discharge 
device 1 A with new gas when the discharge is interrupted. 

[page 4] 

Next, a control example of a gas laser oscillator which has this construction will be 
explained by using for this purpose Figure 3. The figure explains the changes in time of laser 
output and of voltage applied to discharge devices 1 A and IB when a KrF excimer laser was 
used for laser oscillations. 

r 

Both discharge devices 1 A and IB are filled in advance with a fresh gas and the 
operations are conducted at first with a repeated frequency of 200 Hz in discharge device 1A. 
During the first cycle, as the gas inside discharge device 1 A is deteriorating, control is exercised 
in order to maintain a constant laser output so that increased voltage (V A ) is applied to discharge 
device 1A. After about 2 hours (approximately 1.5 x 10 6 shots), high-voltage opening and 
closing device 19A is opened in the vicinity of the maximum voltage and the discharge is 
stopped (the first cycle is completed). At the same time, high-voltage opening and closing device 
29B is opened and operations are initiated with a repeated frequency of 200 Hz in discharge 
device IB (the second cycle is started). Since during this second cycle, the inner part of 
discharge device 1 B is already filled with fresh gas, the same characteristics of the laser output 
are obtained with the same applied voltage (V B ) as in the first cycle. Also, when the operations 
of gas processor 9 of this invention are stopped in the second cycle, the deteriorated gas 



contained inside discharge device 1 A is replaced with a fresh gas and the next cycle is awaited. 

Because in this control example, replacement is conducted alternately by discharge 
devices 1 A and IB, and after the gas has been replaced, control is conducted until the sixth cycle, 
this makes it possible to suppress fluctuations of the output during the operation to less than 1% 
during a period of about 12 Hours. 

The operation of the gas processor 9 of this invention will now be explained based on a 
series of operations. When the oscillations are stopped by gas processor controller 15 at the point 
when laser control means enters the second cycle as shown in Figure 1, a command to replace 
the deteriorated gas inside discharge device 1 A is issued from laser controller 26. A series of 
operations of gas processor 9 will thus be started from this point. First, valve 3 a is opened and 
the gas contained inside discharge device 1 A is transferred by compressor 5 A to gas container 2. 
Vacuum pump 6 A can be used at this point if this is necessary. Valve 3 a is then closed when the 
transfer is finished. 

Next, the operations of gas regenerator 7 are started in order to regenerate the gas inside 
gas container 2. Gas regenerator 7 is a device which serves to remove halogenides and in some 
cases also halogen gas, 02, oil. etc. 

Also, if this is necessary, an additional device can be added for removal of particles. For 
a device removing particles can be used for instance a transmission filter, or an electrostatic 
filter, etc. 

The concentration of the halogen gas at this point is detected and halogen gas and rare 
gas is injected with gas adding device 8 as necessary. At the point when gas has been regenerated 
in this manner inside gas container 2, valve 4A is opened and the required gas is returned as 
regenerated gas as required by the operations of compressor 5B from gas container 2. Valve 4B 
is closed after the gas has been returned. Pump 6B can be also used as required when the gas is 
being returned. 

Because the proper order for opening and closing of each valve for compressors 5A, 5B, 
gas regenerator 7, and gas adding device 8 is controlled when gas regenerator 15 is used as 
described above, the time period required for one series of these operations is only about 15 
minutes. This is substantially shorter than the period of 2 hours and 30 minutes during the second 
cycle. During the third cycle, the same operations of the gas processor as those described above 
are conducted and the gas inside discharge device IB is thus regenerated. 

In addition, it is also possible to supply halogen gas to the laser discharge devices during 
the operations with the function of gas processor 9. In this case, gas container 12, valve 13A and 
valve 13 B will be used. Pump 1 1 is used to create vacuum inside the gas container. According to 
the example used in the second cycle, the gas system is controlled inside discharge device 1 A (or 
IB) during the discharge based on the different between the target value of the laser output and 
the electric signal obtained from output monitor 25A (or 25B) for gas processor 9, and it is also 
possible to use regulation of the gas supply in order to maintain a constant laser output. 
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Vacuum pumps 6A, 6B, 14, and 1 1 shown in Figure 1 are used when a vacuum is 
created inside the gas container. 

In addition, although a case involving a parallel arrangement of 2 discharge units was 
explained in the above described example, this invention is not limited by this explanation as any 
number of units can be used as long as at least 2 units are used. 

Embodiment 2 

This separate embodiment is indicated in Figure 4. The operation of the laser will be 
explained first. 

[page 5] 

In the example which is illustrated by Figure 4, a construction using parallel arrangement 
of 2 discharge units 1 A and IB is employed in an oscillator consisting of reflection mirror 22 and 
semi-transparent mirror 23. Because this construction does not aim at the optical axis of the laser 
rays, the second reflection mirror 21a and 21 B of Embodiment 1 indicated in Figure 2 is thus not 
necessary. 

In addition, when a narrow wave band design that is suitable for a laser lithography 
device is required, a narrow band element such as an etalon plate, etc., is often deployed inside * 
the laser oscillator. However, since this embodiment can be also used jointly with a narrow band 
element, this makes it possible to reduce the cost in comparison to Embodiment 1. 

The operation of gas processor 9 is again identical to the operation explained in 
Embodiment 1 . 

Also, although the above described embodiment indicated a parallel arrangement of 2 
discharge units, this invention is not limited by this explanation as any number of units can be 
also used as long as at least 2 units are used. 

(Effect of the Invention) 

Because according to this invention, once deteriorated gas is transferred into a container 
while the discharge of a plurality of discharge devices is stopped, halogenide contained in this 
gas and when necessary also halogen gas, 0 2 and impurities are removed, and rare gas and 
halogen gas is added are required and gas is regenerated. This makes it possible to maintain a 
constant laser output after that because regenerated gas can be thus transferred again to the a 
discharge device. Also, the proper order can be maintained with a gas processor controller during 
one series of these operations. 

This design also makes it possible to reduce the running cost because only a relatively 
small amount of halogen gas is consumed and He orNe and other buffer gases which take up 
most of the volume are not consumed. 
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4. Brief Description of Figures 

Figure 1 is a block diagram of one embodiment of this invention, Figure 2 and Figure 4 
are block diagrams of a laser device operated by using this invention, Figure 3 is a chart 
explaining an example of the laser output control, Figure 5 is a block diagram showing an • 
example of a laser device according to prior art, Figure 6, Figure 7, and Figure 8 are examples of 
laser output according to prior art, and Figure 9 is a block diagram showing an example of a laser 
device according to prior art. 



1A, IB ... discharge device 

2 ... gas container 

3 A, 3B ... valves 

4A, 4B ... valves 

5A, 5B ... compressor 

6A, 6B .... vacuum pumps, 

7 ... gas regenerator 

8 ... gas adding device 

9 ... gas processor 

11 ... vacuum pump 

12 ... gas container 

15 ... gas processor controller. 



Patent Applicant: Kawasaki Steel Corporation 
Representative: Yoshio Kosugi, patent attorney. 

Figure 2 
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Figure 1 

1A discharge device 

1 B discharge device 

5A compressor 

5B compressor 

6A pump 

6B pump 

5A compressor 

7 gas regenerator gas container 14 pump 
12 gas container 

8 gas adding device 
1 1 pump 

14 pump 

1 5 gas processor controller 



Figure 3 



10 



[horizontal axis] first cycle second cycle third cycle 
[vertical axis] input voltage laser output 

Figure 4 
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Figure 5 

Figure 6 (a) 

[horizontal axis] voltage 
[vertical axis] laser output 

Figure 6 (b) 

[horizontal axis] start 2 x 10 6 shots 
[vertical axis] laser output 



laser output 



Figure 8 (a) 

[horizontal axis] time 
[vertical axis] discharge voltage 

Figure 8 (b) 

[horizontal axis] time 
[vertical axis] laser output 
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Figure 9 
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